Abstract. High hardness, good thermal and electrical conductivities make titanium nitride technologically important material. The high melting point and low self-diffusion coefficient make it difficult to obtain fully dense material. In this paper the results of Spark Plasma Sintering (SPS) of TiN from micropowders, TiN from nanopowders and TiN micro with 10 wt.% of nano TiN are presented. Morphology and phase composition of starting powders was analyzed. The powders were uniaxially pressed at 35 MPa for 5 minutes. Sintering temperature was in the range from 1200°C up to 2200°C. Relative density ranged from 88%-97% for samples from micropowders and 81%-87% for nanopowder samples. The highest relative density (99%) was achieved for samples with addition of nanopowders. The addition of 10 wt.% TiN nanopowders allows to improve properties of obtained TiN materials and decreased temperature of sintering.
Introduction
TiN belongs to materials which have a wide range of stoichiometrics depending on the amount of nitrogen, varying from TiN 0,42 to TiN 1, 16 with regular type crystal lattice type [1] . Titanium nitride is a highly durable compound with golden color, characterized by high hardness, resistance to corrosion and high electrical conductivity [2] . Such unique combination of properties make these materials valuable for applications as a protective coatings for cutting tools, diffusion barriers in microelectronics, crucibles, optical coatings and gold colored surfaces for jewelry.
However, high melting point of TiN makes it very difficult to obtained fully densified material without any sintering aids and by free sintering. One of the oldest methods of production titanium nitride compacts is the free sintering and hot pressing method [2, 3] . Although the temperature during sintering is about 2200°C-2300°C, the obtained materials have 20% porosity. Therefore, attempts have been made to use pressure method combined with current flow through the sintered material, like SPS (Spark Plasma Sintering) [4] and High Pressure-High Temperature sintering method HP-HT [5] where pressures during sintering processes reach gigapascals, to improve densification of this type of materials.
In the present study, TiN samples were prepared from titanium nitride micropowders, titanium nitride nanopowders and multimodal mixture of micro with 10 wt.% of nano TiN powders using Spark Plasma Sintering method. The influence of temperature on oxidation, grain size and selected physical and mechanical properties was investigated.
Materials and Methods
The starting micropowders were H.C. Starck TiN (average particles size FSSS= 0.8-1.2μm.) and nanopowder H.C. Starck TiN (particles size 20 nm). For powders surface activation, pure TiN nanoand micropowders were mixed in silicon nitride grinding bowl using a centrifugal ball mill for 1h with the presence of isopropyl alcohol. The powder mixtures were dried at 100°C for 5 h.
Mixtures were sintered with the use of the SPS equipment. The powders were uniaxially pressed at 35 MPa for 5 minutes. Sintering temperatures were ranging from 1400°C up to 2200°C for micropowders, from 1200°C up to 1600°C for nanopowders and from 1400°C up to 1900°C for multimodal mixture. Microstructural investigations were performed using scanning electron microscopy (JEOL JSM-6460LV with EDS spectrometer). Apparent densities of the samples were measured using hydrostatic method. Young's modulus was measured by an ultrasonic method using a Panametrics Epoch III ultrasonic flaw detector. XRD measurements were taken using an Empyrean system (Panalytical) with monochromatic Cu Kα1 radiation. Phase compositions of the sintered compacts were identified by X-ray diffraction analysis based on the ICDD and ICSD databases. Figure 2 ) shows no others peaks in powder than from TiN phase. The XRD patterns also indicates clear difference between the Full Width at Half Maximum of the peaks and they are respectively for nanopowder and for micropowder which also demonstrates the difference in the size of crystallites. The main criteria for optimization of SPS sintering conditions (temperature and duration) was density ( Figure 3 ) and Young's modulus (Figure 4 ). The density of samples sintered from pure micropowders was rising with increase of sintering temperatures up to 2100°C and approached 97% of theoretical density of full dense titanium nitride materials. Samples sintered from nanopowders are characterized by very low relative density (at 87%) and high porosity because of the oxidation of fine powders during sintering process. Oxygen from surface of nanopowder was combined with titanium to form the titanium oxide Ti 3 O 5 . The highest relative density 99% was achieved for sample prepared from mixture of titanium nitride micropowder with addition of 10 wt.% of TiN nanopowder. Sample was sintered at 1600°C during 5 minutes at pressure of 35 MPa. In comparison to the sample sintered in optimal parameters from micropowders, addition of 10 wt% of nanopowder to the TiN micropowder caused the decrease of sintering temperature by about 500°C, at the same time the relative density was improved by about 3%.
Results

XRD phase analysis (
The results of the Young's modulus investigation confirm the positive effect of the addition of titanium nitride nanopowder (Figure 4) .
The highest elastic modulus (about 96% of theoretical value) was obtained for sample with addition of 10 wt.% nanopowder sintered in 1600°C. The Young modulus for the best samples sintered from nanopowders and micropowders was at 56% and 94% of theoretical value respectively. XRD analysis of samples sintered in optimum parameters showed the presence of Ti 3 O 5 , SiO 2 in amount 36.3 wt.% and the 8.5 wt.% in the materials sintered from nano and micropowders mixtures ( Figure 5 ). Titanium oxide appearance is caused by gases absorbed on nanopowders surface. There is no oxides presence on compacts surface of material sintered from multimodal mixture. It means that the addition of TiN nanopowder in amount of 10 wt.% does not cause the surface oxidation, and it have influence on the improvement of physical and mechanical properties. 
Discussion and Conclusions
The best combination of physical and mechanical properties was obtained for materials sintered from TiN micro with 10 wt.% of TiN nanopowders. The highest relative density (99%) was achieved for samples sintered at 1600°C during 5 min. Moreover, the addition of 10 wt. % TiN nanopowders have influence on the decrease of sintering temperature. Young's modulus of sintered samples was in the range from 67 up to 435 GPa for the material obtained from micropowders, from 236 up to 263 GPa for the nanopowders and from 285 up to 449 GPa for multimodal mixture of TiN with 10 wt.% of TiN nanopowder. Relative density of these materials ranged from 88% to 97% for micropowders samples, and from 81% to 87% to samples obtained from nanopowder and from 85 to 99% for multimodal.
Compacts obtained from nanopowder oxidized during sintering, oxidation has negative influence on the densification during SPS sintering process.
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Introduction
Along with the recent development of IT industry, PCB production processes used for electric & electronic products become highly precision. In PCBs, drill holes are essential for electric connection between inner and outer layer. This drilling process is the essential key process in PCB manufacturing process. Along with the development of high performance PCB, the hole size for electric connection is becoming finer, and so the drill bits for this fine hole drilling process are becoming miniaturized. Drill bits with ø0.2mm were more than 70% of all bits in the past. However, demand for drill bits with ø0.15~0.075mm size are increasing these days. re-grinding process for micro drill bits with ø 0.15~0.075mm diameter are quite hard, and they are mostly scrapped after use. In this study, therefore, we intended to develop automatic re-grind inline system that can re-grind micro drill bits all of which were scrapped after use in conventional PCB manufacturing process. Grind and inspection unit in the inline system is the one that automatically re-grind and inspect 0.15~0.075mm minimum diameter micro drill. In this study, we analyzed driving problem through simulation by implementing mechanical mechanism of drill bit grinding & inspection unit, pre-analyze the grinding and inspection operation processes, and verified the production time.
Structure of Micro Inline Grinding System
Automatic re-grind inline system integrates drill bit cleaning, grinding, and ring setting processes according to their sequences. Also, this system is composed according to various user requirements to enable automatic grinding, inspection, cleaning and ring setting. And it is composed of cleaning unit, grinding and inspection unit, and ring setting unit. Figure 1 shows the total structure and process of micro drill bit inline grinding system, and Figure 2 shows the grinding and inspection unit. 
Grinding and Inspection Unit Driving Simulation
3D layout of grinding and inspection unit is constructed as shown in Figure 3 for simulation analysis. DELMIA V5 DPM ASSEMBLY S/W is used to analyze the simulation. We defined kinematics for main modules in the whole system, performed simulation for main driving part's loading/unloading, work area, interference check, etc., and analyzed their problems. In addition, we pre-analyzed the operation processes of micro drill bit manufacturing and inspection system, and check the cycle time.
For Transfer Robot(1) Kinematics definition, Prismatic Kinematics is defined for gantry type X & Z axis, and Rotation Kinematic is defined for end point. Transfer Robot(1) shall be able to grab drill bit at drill bit loading area, as shown in Figure 4 . Figure 5 shows the simulation results for micro drill bit transfer robot(1)'s work area analysis. As shown in the figure, all of the drill bit loading is available at drill bit loading area #1 ~ #4. Figure 6 shows the simulation analysis results for transfer robot(1)'s transfer work to drill bit supply unit after it grabs drill bit. It shows that there is no interference with mechanical parts or any surrounding units during transfer work.
Drill bit supply unit is designed to perform 360 degree rotation work in 90 degree steps as shown in Figure 7 . It has potential interference between bracket that support #1 drill bit and #2 processing unit.
According to simulation analysis, it is able to avoid interference because #1 area bracket can move maximum 20mm up/down direction when micro drill bit supply unit is rotating as shown in Figure 8 . And processing unit in #2 area is designed to move maximum 100mm front/backward direction. Therefore, it is analyzed that drill bit supply unit's rotation work can be done without interference from surrounding devices. Translation kinematics for micro drill bit vision inspection unit is defined in X, Y axis as shown in Figure 9 . When product is secured on the jig by drill bit supply unit, it is inspected by #1 camera as in the Figure, and it is inspected by #2 camera by moving 90mm in X-axis. During this operation, there is no interference between inspection unit, supply unit and drill bit. Kinematics of transfer robot(II) is shown in Figure 10 , and it has the same design spec as transfer robot(I)'s gantry robot. It is composed of 2 axis -X & Y axis -and 1 rotation axis. Processing and inspection completed drill bits shall be loaded at drill bit unloading area as shown in Figure 11 . According to simulation analysis, drill bit transfer robot can work at #1~#4 area, and it is expected to work without interference when during system operation. Figure 12 shows drill bit loading/unloading work process. Production cycle time goal for grinding and inspection unit is 7 second, and drill bit processing time & vision inspection time can be done within 7 second. Therefore, total automatic production system's tact time goal of 7 second can be achieved when transfer robot's product loading/unloading time is within 7 second. Table 1 is the analysis results of work hour and work speed comparison for each zone. If we assume 1 second for drill bit grab and release time, and transfer robot's speed is 200mm/sec, total loading/ unloading time becomes 6.7 second. Since current maximum work speed of the transfer robot is above 400mm/sec, it is expected to achieve quantitative cycle time goal of 7 second without any problem. Figure 12 . Work process simulation analysis.
Process Simulation Cycle Time Analysis for Grinding and Inspection Unit
Summary
Define kinematics for main driving parts of micro drill bit grinding and inspection unit, and perform simulation to verify mechanical mechanism and to check interference. following items are analyzed as stable: Securing work area during loading/ unloading of micro drill bit transfer robot I, II; Interference check with surrounding devices during transfer. also, it is analyzed that mechanical kinematics structure for each module will not cause interference or problem during drill bit grinding and inspection, and can have smooth work. according to simulation analysis results for micro drill bit grinding and inspection unit operation process, total cycle time is expected around 6.7 second when drill bit transfer robot is operated at 50% of its maximum allowed speed.
